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© Device and method for removing gaseous impurities from a sealed vacuum. 



© A container is disposed within a vacuum insula- 
tion jacket which surrounds a vessel or pipe which 
contains or through which flows a hydrogen contain- 
ing medium. The container holds oxygen under 
pressure or holds a material which liberates oxygen 
when exposed to heat and/or reacts with water to 
liberate oxygen. The container is sealed by means 
of a membrane of palladium or palladium alloy. A 
water absorbing material is disposed inside the con- 
tainer. The palladium membrane is thus exposed on 
its first side facing the interior of the container to a 
region of relatively high oxygen pressure produced 
by the oxygen inside the container and low hy- 
drogen partial pressure inside the container, and is 
exposed on its other side to the vacuum (low oxygen 
^pressure, and higher hydrogen partial pressure as a 
^result of the outgassing or permeation of hydrogen 
^from the medium in contact with the vacuum cham- 
tgber walls). The palladium acts as a catalyst for the 
0> combination of hydrogen and oxygen to form water 
y^when hydrogen flows from the vacuum jacket into 
Q>the container following the hydrogen pressure gra- 
COdient. The water thus formed is absorbed inside the 
q container using .a suitable water absorber, such as a 
molecular sieve. -The method of using the device 
jjj includes placing it within a vacuum chamber or 
between two concentrically arranged pipes constitut- 
ing a vacuum chamber so that the palladium or 



palladium alloy membrane is in thermal communica- 
tion with a high temperature surface, such as the 
surface of the wall of the pipe containing steam or a 
heat transfer fluid. 
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DEVICE AND METHOD FOR REMOVING GASEOUS IMPURITIES FROM A SEALED VACUUM 



Background of the Invention 

This invention pertains to a device and method 
for removing gaseous impurities from a sealed 
vacuum, and more particularly pertains to a device 
and method for use in vacuum insulation jackets for 
vessels or pipes which contain or through which 
flows a hydrogen containing medium. 

Vacuum insulation jackets are used in a variety 
of applications, such as for example In certain 
types of commercial industrial solar collectors 
which absorb solar energy into a chamber contain- 
ing an organic heat transfer fluid, and In vacuum 
insulation jackets for underground pipes carrying 
steam as used in oil drilling systems. It is known 
that when the vessel or pipe encased in the vacu- 
um insulation jacket contains a hydrogen contain- 
ing medium, that atomic hydrogen or its isotopes 
permeates from the hydrogen containing medium 
through the pipe wall and into the vacuum jacket 
by way of diffusion. Accumulation of hydrogen in 
the vacuum jacket degrades the vacuum and de- 
stroys its thermal insulating properties due to heat 
transmission across the vacuum by gaseous con- 
duction. Of course, getter materials are used to 
remove a variety of gaseous impurities such as 
carbon monoxide, oxygen, nitrogen, hydrocarbons, 
etc., from a sealed vacuum. Getter materials are 
limited however, in their capacity to absorb hy- 
drogen and to maintain a substantially low pres- 
sure. 

In Application Serial No. 173,189, filed March 
23, 1988, now United States Patent No. 
assigned to the assignee of the present invention, 
there is disclosed a hydrogen pump useful for 
eliminating hydrogen from vacuum insulation jack- 
ets. The disclosures of Application Serial No. 
173,189, now United States Patent No. , are 
hereby incorporated by reference. In the hydrogen 
pump invention of said patent, it is necessary for 
the hydrogen pump to be in contact with the envi- 
ronment, i.e. air, outside the vacuum insulation 
jacket. While the hydrogen pump works well for 
vacuum insulated pipe (VIP) installations on com- 
mercial solar collectors, it would not be suitable for 
VIP installations such as underground pipes carry- 
ing steam used in oil drilling and recovery oper- 
ations. 



Objects and Summary of the Invention 

ft is an object of this invention to provide a 
device and method for improving the efficiency of 
vacuum insulation in which hydrogen gas is perme- 



ated through the materials which are in contact with 
the vacuum forming the insulation. 

It is another object of this invention to provide 
a device and method for removing hydrogen gas 
s from a vacuum insulation jacket, and in particular to 
provide such a device and method in which no 
communication of the device with the environment 
is necessary. 

It is a more detailed object of this invention to 
70 provide a device and method which removes hy- 
drogen gas from a vacuum insulation jacket, by 
combining the hydrogen with oxygen to form water, 
and then absorbing the thus formed water. 

It is still another object of this invention to 
75 provide such a device and method for removing 
hydrogen gas which also getters other gases and 
materials which may be present in the vacuum 
Insulation jacket. 

Briefly, in accordance with one embodiment of 
20 the invention, a container is disposed within a vacu- 
um insulation jacket which surrounds a vessel or 
pipe which contains or through which flows a hy- 
drogen containing medium. The container holds 
oxygen under pressure or holds a material which 
25 liberates oxygen when exposed to heat and/or 
reacts with water to liberate oxygen. The container 
is sealed by means of a membrane of palladium or 
palladium alloy. A water absorbing material is dis- 
posed inside the container. The palladium mem- 
30 brane is thus exposed on its first side facing the 
interior of the container to a region of relatively 
high oxygen pressure produced by the oxygen 
inside the container and low hydrogen partial pres- 
sure inside the container, and is exposed on its 
as other side to the vacuum (low oxygen pressure, 
and higher hydrogen partial pressure as a result of 
the outgassing or permeation of hydrogen from the 
medium in contact with the vacuum chamber 
walls). The palladium acts as a catalyst for the 
40 combination of hydrogen and oxygen to form water 
when hydrogen flows from the vacuum jacket into 
the container following the hydrogen pressure gra- 
dient. The water thus formed is absorbed inside the 
container using a suitable water absorber, such as 
45 a molecular sieve. 

The method of using the device includes plac- 
ing it within a vacuum chamber or between two 
concentrically arranged pipes constituting a vacu- 
um chamber so that the palladium or palladium 
so alloy membrane is in thermal communication with a 
high temperature surface, such as the surface of 
the wall of the pipe containing steam or a heat 
transfer fluid. This thermal communication can be 
physical contact to transfer heat by conduction or 
physical proximity so that heat is transferred by 
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radiation. 

Other objects and advantages of the present 
invention will become apparent from the detailed 
description of preferred embodiments of the inven- 
tion taken in conjunction with the accompanying 
drawings. 



Brief Description of the Drawings 

Figure 1 is a diagrammatic cross sectional 
view of one embodiment of a device in accordance 
with the invention. 

Figure 2 is a diagrammatic cross sectional 
view of one embodiment of the invention in which 
the device for removing hydrogen from a vacuum 
insulation jacket is installed as a concentric spacer 
between the walls of a vacuum insulation jacket. 

Figure 3 is a diagrammatic cross sectional 
view similar to Figure 1 of an alternate embodiment 
of the invention. 

Detailed Description 

Turning now to the drawings, it should be kept 
in mind that the particular details shown are by way 
of example only, and for purposes of discussion. 
Thus, it should be appreciated that no attempt has 
been made in the drawings to show structural de- 
tails of the invention in any more detail than is 
necessary for a fundamental understanding of the 
invention. 

There is shown in Figure 1 a diagrammatic 
cross sectional view of the device of the present 
invention. It should be understood that the device 
pictured in Figure 1 is intended for use inside a 
vacuum insulation jacket which is subject to accu- 
mulation of hydrogen which would degrade the 
thermal insulation efficiency of the vacuum insula- 
tion jacket. The device, generally indicated by ref- 
erence numeral 11, includes a container 12, which 
in the broadest sense, can be of any desired 
shape. The container 12 has an open end which is 
closed with a membrane 11 of palladium or a 
palladium alloy, such . as 75% Pd, 25% Ag. As 
shown in Figure 1, the membrane 13 is supported 
by a porous, sintered material or grid 14 which acts 
only as a mechanical support. The interior of the 
container 12 contains oxygen or an oxygen gener- 
ator and also contains a material which absorbs 
water. If an oxygen generator is chosen, it should 
be a material which carries oxygen and is both 
thermally unstable and oxygen rich. Suitable exam- 
ples are chlorates, perchlorates, peroxides, and 
superoxides of the alkali or alkaline earth metals, 
such as KCI0 3 , NaCIO*. Na2 0 2 , Ba0 2 . or K0 2 or 
its mixtures. It should be understood that this in- 
vention is not limited to use of these specifically 



enumerated materials, with their being merely set 
forth as suitable examples. 

In terms of a material which absorbs water, the 
interior of the container can contain conventional 
5 dehydrants such as CaCb, MgSO* or the like. 
Alternatively, a molecular sieve can be utilized, 
formed of metal aluminosilicates know as zeolites, 
which are able to maintain relatively low equilibrium 
pressure of water. 
70 As an alternative, the interior of the container 
may contain a material such as an alkali metal 
superoxide, which will react with water to deliver 
oxygen, which in turn will react with hydrogen to 
deliver water. Suitable materials are KO2 or Na02, 
15 which may react according to 

2K0 2 (solid) + H 2 0 ► 2KOH + 3/20 2 (gas) 

In these cases it is preferable to include an initial 
amount of 0 2 in the system. 

The combination of oxygen or oxygen generat- 
20 ing material and water absorbing material inside 
the container are indicated by reference number 16 
in Figure 1. The combination of materials can be in 
granular form as diagrammatically depicted in Fig- 
ure 1, or can be solids. For the purposes of this 
25 invention either form is suitable. 

In operation, the device of Figure 1 is situated 
such that the outer surface of the palladium or 
palladium alloy membrane 13 is exposed to the 
vacuum within a vacuum insulation jacket. Thus, 
30 the palladium or palladium alloy membrane 13 is 
exposed on its first side facing the interior of the 
container 11 to a region of relatively high oxygen 
pressure produced by the oxygen therein and low 
hydrogen partial pressure. The membrane is ex- 
35 posed on its other second side to the vacuum in 
the vacuum insulation jacket, which is a region of 
low oxygen pressure and higher hydrogen partial 
pressure as a result of the outgassing or perme- 
ation of hydrogen from the medium in contact with 
40 the vacuum chamber walls. The permeation rate of 
hydrogen through palladium or palladium alloys is 
very high, with the direction of the hydrogen flow 
from the high hydrogen pressure side to the side 
with low pressure. Furthermore, the palladium or 
45 palladium alloy membrane acts as a catalyst for the 
combination of hydrogen and oxygen to form water 
when hydrogen flows from the vacuum jacket into 
the container 11 following the hydrogen pressure 
gradient. The water formed in the container 11 is 
so absorbed in the container by the molecular sieve or 
other dehydrant. 

One of the most significant advantages of the 
present invention as described above is that the 
hydrogen partial pressure in the vacuum insulation 
55 jacket in equilibrium with the device of Figure 1 will 
be sufficiently low to meet the non-thermal conduc- 
tive requirement of the vacuum insulation jacket 
until the chemicals have been total consumed. This 
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is in marked contrast with the expensive conven- 
tional getter materials which, as is well known, 
maintain a sufficiently low partial pressure for only 
10% of their actual capacity, with 90% of their 
capacity being wasted. 

The walls 12 of the container may be made of 
stainless steel. However, if desired, the walls 12 of 
the container which are exposed to the vacuum 
insulation jacket may be made of a conventional 
getter material, at least in part. Such getter materi- 
als are widely used to remove gaseous impurities 
such as carbon monoxide, oxygen, nitrogen, hy- 
drocarbons, water vapor and hydrogen isotopes 
from a sealed vacuum, and would provide conven- 
tional gettering capabilities with respect to the 
vacuum insulation jacket. 

Turning now to Figure 2, there is shown an 
exemplary installation of a device such as shown in 
Figure 1 in a vacuum insulation jacket. Like refer- 
ence numerals are used in Figure 2 to refer to like 
elements of the device as shown in Figure 1. In 
Figure 2, an inner pipe 17 which contains or 
through which flows a medium 18 is concentrically 
surrounded by an outer enclosure or pipe 19. The 
space 20 between the pipes is evacuated to form a 
vacuum insulation jacket with respect to the pipe 
1 7. In the exemplary form of the invention shown in 
Figure 2, application in a commercial solar collector 
is illustrated, wherein the outer enclosure or pipe is 
glass so as to allow the solar energy focused by 
collector mirrors to reach the inside pipe 17. The 
medium within the pipe 17 is a suitable heat trans- 
fer fluid. 

The device 1 1 in Figure 2 is configured to be a 
cylindrical construction and is installed in the vacu- 
um insulation jacket 20 to function as a spacer 
between the inner pipe 17 and outer pipe or enclo- 
sure 19. The palladium or palladium alloy mem- 
brane should be facing the hottest part of the 
system, i.e. the wall of the inner pipe 17, as shown 
in Figure 2. 

Turning now to Figure 3, there is illustrated an 
alternative embodiment of the device and method 
of this invention. In the arrangement of Figure 3, 
which is similar to Figure 1 , like reference numerals 
are used as in Figures 1 and 2 to identify like 
elements. The difference in the embodiment of 
Figure 3 from the embodiment of Figure 1 is the 
use of a semipermeable membrane 21 to divide 
the interior of the container 12 into a volume 22 
and a volume 23. The volume 22 contains the 
oxygen generating material and water absorbing 
material indicated by reference numeral 16, and 
the semipermeable membrane 21 serves to sepa- 
rate the condensed phases within the container 
(contained in volume 22) and the gases and vapor 
phases within the container (contained within vol- 
ume 23. Suitable materials are known for the semi- 



permeable membrane, such as polymers or sili- 
cones. 

Although the present invention has been de- 
scribed with reference to specific presently pre- 

s ferred embodiments, it is not limited to the specific 
embodiments shown and described. That is, it 
should be clear that various modifications and sub- 
stitutions can be made to the device and method of 
this invention without departing from the true spirit 

70 and scope of the invention, and the appended 
claims are intended to cover all such variations. 



Claims 

75 

1. A device for removing hydrogen from a 
vacuum insulation jacket for a vessel or pipe which 
holds or through which flows a hydrogen-containing 
medium at temperatures such that hydrogen per- 

20 meates into the vacuum insulation jacket, compris- 
ing a container which contains oxygen or an oxy- 
gen generating material, and a palladium or pal- 
ladium alloy membrane closing the container such 
that a first side of said palladium membrane facing 

25 the interior of the container is exposed to a region 
of relatively high oxygen pressure and relatively 
low hydrogen partial pressure, and a second side 
of said palladium or palladium alloy membrane is 
exposed to the vacuum having a relatively low 

30 oxygen partial pressure and a relatively higher hy- 
drogen partial pressure, whereby the palladium 
membrane acts as a catalyst for the combination of 
hydrogen and oxygen to form water when hy- 
drogen flows from the vacuum jacket into the con- 

35 tainer which contains oxygen following the hydro- 
gen pressure gradient. 

2. A device for removing hydrogen from a 
vacuum insulation jacket for a vessel or pipe which 
holds or through which flows a hydrogen-containing 

40 medium at temperatures such that hydrogen per- 
meates into the vacuum insulation jacket, compris- 
ing a container which contains oxygen or an oxy- 
gen generating material and a water absorbing 
material, and a palladium or palladium alloy mem- 

45 brane closing the container such that a first side of 
said palladium membrane facing the interior of the 
container is exposed to a region of relatively high 
oxygen pressure and relatively low hydrogen partial 
pressure, and a second side of said palladium or 

50 palladium alloy membrane is exposed to the vacu- 
um having a relatively low oxygen partial pressure 
and a relatively higher hydrogen partial pressure, 
whereby the palladium membrane acts as a cata- 
lyst for the combination of hydrogen and oxygen to 

55 form water when hydrogen flows from the vacuum 
jacket into the container which contains oxygen 
following the hydrogen pressure gradient. 

3. A device in accordance with Claim 2 in 
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which said container contains an oxygen generat- 
ing material selected from the group consisting of 
chlorates, perchlorates, peroxides, and superoxides 
of the alkali or alkaline earth metals and their 
mixtures. 

4. A device in accordance with Claim 2 in 
which said water absorbing material is selected 
from the group consisting of dehydrants and mo- 
lecular sieves. 

5. A device in accordance with Claim 2 in 
which said water absorbing material is of a type 
which reacts with water to deliver oxygen, which in 
turn reacts with hydrogen to deliver water. 

6. A device in accordance with Claim 5 in 
which said water absorbing material is an alkali 
metal superoxide. 

7. A device in accordance with Claim 2 in 
which said container is made of a getter material 
for removing other gaseous impurities from the 
vacuum insulation jacket. 

8. A device in accordance with Claim 2 includ- 
ing a semipermeable membrane mounted in said 
container for dividing said container into two vol- 
umes to separate condensed phases of materials 
within said container from gaseous and vapor 
phases of materials within said container. 

9. A method for removing hydrogen from a 
vacuum insulation jacket for a vessel or pipe which 
holds or through which flows a hydrogen-containing 
medium at temperatures such that hydrogen per- 
meates into the vacuum insulation jacket, compris- 
ing the steps of: 

placing a container within the vacuum insulation 
jacket which contains oxygen or an oxygen gen- 
erating material, with a palladium or palladium alloy 
membrane closing the container; orienting the con- 
tainer such that a first side of the palladium mem- 
brane which faces the interior of the container is 
exposed to a region of relatively high oxygen pres- 
sure and relatively low hydrogen partial pressure, 
with the second side of the palladium or palladium 
alloy membrane exposed to the vacuum having a 
relatively low oxygen partial pressure and a rela- 
tively higher hydrogen partial pressure, whereby 
the palladium membrane acts as a catalyst for the 
combination of hydrogen and oxygen to form water 
when hydrogen flows from the vacuum jacket into 
the container which contains oxygen following the 
hydrogen pressure gradient. 

10. A method in accordance with Claim 9 in- 
cluding the step of also placing a water absorbing 
material within the container to absorb the water 
generated through combination of the oxygen and 
hydrogen. 

11. A method in accordance with Claim 10 
wherein the container contains an oxygen generat- 
ing material selected from the group consisting of 
chlorates, perchiorates, peroxides, and superoxides 



of the alkali of alkaline earth metals and their 
mixtures. 

12. A method in accordance with Claim 10 
including the step of selecting the water absorbing 

s material from the group consisting of dehydrants 
and molecular sieves. 

13. A method in accordance with Claim 10 
including the step of selecting the water absorbing 
material to be of a type which reacts with water to 

10 deliver oxygen, which in turn reacts with hydrogen 
to deliver water. 

14. A method in accordance with Claim 13 
wherein the water absorbing material is selected to 
be an alkali metal superoxide. 

75 
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